Supercapacitors (SCs) have attracted much attention as energy storage devices capable of accumulating electricity from renewable sources, as well as deliver high power to smart and portable electronic devices due to their fast dynamic response, high power density, and long cycle-life [1, 2] . So far, nanostructured electrodes with pseudocapacitive materials have been widely utilized to enhance the specific capacitance and energy density of supercapcitors [3, 4] . However, such materials typically have low electrical conductivity (10
) [5, 6] , degrade structurally under rigorous reaction conditions [7] , and have a narrow electrochemical window (<1 V) [8, 9] which can lead to high internal resistance, large irreversible capacitance loss, and poor rate capability and, consequently, result in supercapacitors with limited power density. A promising strategy to increase power density has been to extend operating cell voltage by taking advantage of an organic electrolyte, or an asymmetric cell configuration [10] . In terms of cost and safety, aqueous asymmetric supercapacitors (ASCs) are a suitable choice for commercial SCs [11] . Aqueous ASCs usually consist of a battery-type Faradic electrode for the energy source and a capacitor-type electrode for the power source, and employ aqueous electrolytes, which can increase cell voltage (up to 2 V) and hence improve both energy and power densities [11, 12] .
Polyoxometalates (POMs) are attractive Faradic electrode materials because of their remarkable redox activity, structural integrity, and low cost [13] [14] [15] . However, POM-based electrodes are electrochemically unstable in aqueous solution due to the dissociation of ionic aggregates [13] , which leads to unnecessary loss of specific capacitance. In addition, POM powders have low specific surface areas (<10 m 2 g −1
) [16] . Therefore, POMs need to be anchored on an insoluble solid matrix with a high specific surface area to achieve high specific capacitance and stable cycle performance. In this respects, nanocarbons (e.g., carbon nanotubes [17] [18] [19] [20] and graphene [21] [22] [23] ) are good candidates for anchoring POMs. Moreover, their superior electrical conductivity and electrochemical/mechanical stability enable improvement in supercapacitor performance [20, 22, 23] . However, there has been limited success in utilizing POMs in SCs with satisfactory high specific capacitance and cycle performance, due to limited binding sites and difficulty dispersing the nanocarbons, as well as the weak interaction between POMs and nanocarbons, which still remain a challenge.
Herein, we demonstrate aqueous ASCs based on a POM-graphene nanohybrid with polymeric ionic liquid (POM/PIL/G) as a positive elctrode and activated carbon (AC) as a negative electrode in an aqueous electrolyte of H 2 SO 4 . The polymeric ionic liquid (PIL) was selected as the surface functionality because of its high binding affinity for the graphene surface, and high ionic conductivity, as well as sufficient binding sites to produce a high density of POMs on the graphene surface. The as-prepared ASC device exhibited high specific capacitance, remarkable rate capability, and excellent cycle stability.
Graphite powder (<20 μm), hydrazine monohydrate, and phosphomolybdic acid hydrate (H 3 PMo 12 O 40 ·xH 2 O) was purchased from Sigma-Aldrich (USA). The ionic liquid, 1-vinyl-3-butylimidazolium bromide ([Vbim] [Br]), as a monomer was obtained from C-Tri; azobisisobutyronitrile (AIBN) and chloroform from Junsei (Japan). All chemicals were used as received without further purification. http://carbonlett.org impedance spectroscopy measurements were performed over a frequency range from 10 5 to 10 −2 Hz at sinus amplitude of 10 mV using a VersaSTAT 4 (Princeton Applied Reserch, USA). A cycling stability test was taken by galvanostatic charge/discharge measurements at 50 mV s −1 at a scan rate up to 500 cycles. All of the electrochemical measurements were performed in a standard three electrochemical cell with 0.5 M H 2 SO 4 aqueous electrolyte at room temperature, and the as-obtained data was within the error range of ±1%. The working electrode was prepared by mixing the active material, acetylene black, and poly(vinylidene difluoride) in a mass ratio of 80:10:10 to form a homogeneous slurry.Then the slurry was coated onto a pretreated stainless steel foil current collector (1 × 1 cm 2 ) and then dried at 60°C overnight in a vacuum oven. The resulting mass of the coated electrode was ~2 mg. A Pt wire and an Ag/AgCl electrode were used as the counter and reference electrodes, respectively. The AC electrodes were prepared by the same method as the negative electrode describe above. ASCs, AC//POM/PIL/G, were assembled with cellulose film as separator by sandwiching Prior to preparing the POM/PIL/G, the graphene oxide (GO) and poly(1-vinyl-3-butylimidazolium bromide) were synthesized by a previously reported procedure [24] . To prepare POM/ PIL/G, 15 wt% of PIL was completely dissolved in DI water and 20 mg of GO powder added. This mixture was then reduced with hydrazine monohydrate (10 μL) at 90°C for 1 h. After reduction, the dispersion of PIL/G was purified by dialysis to remove unbound PIL, and was collected by filtration. The resulting PIL/G was dispersed in deionize water and mixed with an excess of H 3 3− by anion exchange reaction, resulting in POM/PIL/G nanohybrids.
Transmission electron microscopy (TEM) and high-angle annular dark-field scanning TEM (HAADF-STEM) images and elemental analysis were collected on an E.M. 912 Ω energy-filtering TEM (JEM2100F, JEOL Ltd., Japan) at 200 kV equipped with energy dispersive X-ray spectroscopy (EDS). Cyclic voltammogram was performed with a CHI 760E electrochemical workstation (CH Instruments, USA). The electrochemical The preparation of POM/PIL/G as an electrode material for aqueous ASC is illustrated in Fig. 1 . First, the PIL was obtained by radical polymerization among vinyl groups of the ionic liquid monomer with the assistance of AIBN. The PIL can be dissolved in water due to the hydrophilicity of the Br − in the PIL networks, which is responsible for the surface functionalization of the GO sheets in an aqeuous solution. Then, as-prepared GO was modified with the PIL in water and chemically reduced by hydrazine monohydrate. The PIL was attached to the graphene surface by electrostatic and cation-π interactions bewteen the graphene and the imidazolium ring of the PIL [24, 25] . Finally, the Br − anion of the resulting PIL/G was easily replaced by anion exchange reaction to form POM/PIL/G. The anion exchange process between the Br − and [PMo 12 O 40 ] 3− on the PIL/G surface was confirmed by EDS analysis. Fig. 2 shows that the Br peaks of PIL/G were completely removed after the ion exchange, and the Mo peaks of POM newly appeared. This result indicates that the POM clusters were successfully immobilized onto the surface of the graphene through electrostatic interaction between the negatively charged POM and positively charged PIL. Fig. 3 shows the morphology of pristine GO and the POM/ PIL/G. As shown in Fig. 3a , the GO exhibits a transparent, layered and wrinkled silk-like structure. After the immobilization of POM on the PIL/G sheet, the graphene surface is decorated with dark spots, indicating the good distribution of the POM clusters (Fig. 3b) . From the high magnification TEM image in Fig. 3c , it can be observed that individual POM molecules, with It can be observed that the maximum phase angle is about −83°, close to −90° for ideal capacitive behavior [28] . The capacitor response frequency, f 0 , at the phase angle of −45° was about 22 Hz and the relaxation time constant τ 0 was calculated to be about 0.05 s by the equation τ 0 = 1/f 0 .
Considering the high specific capacitance of the POM/ PIL/G, an asymmetric supercapacitor was fabricated using the POM/PIL/G as the positive electrode and the AC as the negative electrode with 0.5 M H 2 SO 4 electrolyte (Fig. 5a) . In order to obtain maximal cell operating voltage, the loading mass of the positive and negative electrodes was balanced. The loading mass ratio between the positive and negative electrodes was calculated to be 4.64, following equation [2] : m+/m− = (C−×ΔV−)/(C+ ×ΔV+), where m is the mass, C is the specific capacitance and ΔV is the potential windows of the individual positive and negative electrodes. Fig. 5b shows CV curves at different working voltages for the assembled AC//POM/PIL/G asymmetric supercapacitor. The data proved that the stable electrochemical window can be extended up to 2.0 V. The distorted rectangular CV curves were attributed to the contribution of the pseudocapacitive behavior of the positive electrode.
The specific capacitances for operating voltages of 1.6, 1.8, and 2.0 V at different scan rates calculated from the CV curves are presented in Fig. 5c . The specific capacitance at electrochemical capacitive performance of the as-prepared POM/PIL/G electrode. Fig. 4a displays the CV curves of the POM/PIL/G electrode, measured using three electrode systems in 0.5 M H 2 SO 4 electrolyte at different scan rates. Three couples of redox peaks were observed in the CV of the POM/PIL/G, which is indicative of the typical pseudocapacitive behavior of [PMo 12 O 40 ] 3− [13] . The specific capacitance (C sp ) was calculated from the voltammetric response based on the following equation [2] : C sp = ∫I(V)dV/(2mvΔV), where m is the mass of the active electrode material, v is the scan rate, ΔV is the potential window, and ∫I(V)dV is the integrated area of the CV curves. From the CV curves of the POM/PIL/G electrode, the specific capacitance was found to be 406 F g −1 at 10 mV s
, and the capacitance was 391 F g −1 when the scan rate was increased to 200 mV s −1 , retaining 96.3% of its initial value (Fig. 4b) .
Electrochemical impedance spectroscopy was further employed to study the electrochemical behavior of the POM/ PIL/G electrode. The Nyquist plots for the sample electrodes are presented in Fig. 4c , where the real part (Z′) corresponds to the equivalent of ohmic resistance, and the imaginary part (Z″) reflects the presence of non-resistive elements [26] . The negligible high frequency resistor-capacitor loops or semicircles for electrodes indicate a low faradaic resistance [27] . A short Warburg region, the 45° sloped portion of the Nyquist plot, was observed. These results indicate that the POM/PIL/G electrode has fast electron transport through the conductive graphene sheets, and facile ion diffusion at electrolyte/electrode interface. 20 mV s −1 was 61.9, 71.4, and 85.4 F g −1 for 1.6, 1.8, and 2.0 V, respectively. In addition, the capacitance values at voltage windows of 1.6, 1.8, and 2.0 V remained 61%, 71%, and 85% of the initial capacitance, respectively.
A cycling test of over 500 cycles for the AC//POM/PIL/G asymmetric supercapacitor was carried out. Fig. 5d shows the specific capacitance retention as a function of cycling numbers, with only 1.5% loss in the specific capacitance after 500 chargedischarge cycles.
We prepared nanohybrids of POM and graphene with PIL through a simple fabrication method in aqueous solution and demonstrated their capacitive behaviors in both symmetric and asymmetric configurations with 0.5 M H 2 SO 4 aqeuous electrolyte. The PIL-modified graphene allows the high dispersion of individual POM molecules on the graphene surface through electrostatic interactions, which leads to remarkable charge transfer activity and pseudocapacitive behaviors. After optimization, the ASC device using POM/PIL/G and AC as positive and negative electrodes, respectively, exhibited extended cell voltage up to 2.0 V, specific capacitance of 85.4 F g −1 at a cell voltage of 2.0 V, and stable cycling performance with 98.5% capacitance retention after 500 cycles.
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